Background: Technology such as wearable technology and self-management applications could improve the care of patients with chronic obstructive pulmonary disease (COPD) by real-time continuous monitoring, early detection of COPD and improved self-management. However, patients have not been willing to use technology when it is too difficult to use, interferes with their daily lives or threatens their identity, independence and self-care. Methods: We conducted a qualitative study to determine what patients with COPD would like to see in a wearable device and a mobile application to help manage their condition. Semi-structured interviews were conducted, recorded and transcribed. Thematic analysis was used to identify themes and concepts. Results: We interviewed 14 people with COPD with an average age of 69 years. Participants perceived that the technology could improve their ability to manage their condition both in daily life and during exacerbations by connecting how they feel and by knowing their oxygen saturation, heart rate and activity. The technology may help them address feelings of fear and panic associated with exacerbations and may provide reassurance and connectedness. Some people with COPD wanted their healthcare providers to have access to their data, while others were concerned about inundating them with too much information. Of note, people wanted to maintain control of the information; to make connections with the data, but also in order to be alerted when a possible exacerbation occurs. Conclusion: Patients perceived significant potential for wearables and apps to help manage their condition. @ERSpublications In-depth interviews with COPD patients found that they face significant challenges managing their condition. Patients perceive significant potential for wearables to help with selfmanagement and alerting them to a possible exacerbation.
Introduction
Patients with chronic obstructive pulmonary disease (COPD) often seek care only when experiencing an exacerbation that is severe. Affordable, wearable technology such as smartwatches that monitor heart rate, respiratory rate, physical activity and coughing may help predict early exacerbations and can lead to improved patient care [1] [2] [3] . An app designed to help self-management can provide patients with feedback of their physiological parameters, which may give them more awareness and control over their condition. A mobile application could give patients access to resources that can help with disease management, such as weather information or daily breathing exercises. In patients with COPD, self-management has been shown to increase quality of life and reduce respiratory-related hospital admissions [4] .
However, technology is not effective if it is not used. A recent systematic review of COPD self-management apps highlighted the difficulties with maintaining the engagement of apps over time [5] . Patients are not willing to use technology when it is difficult to use, threatens their identity, independence and self-care, disrupts their relationship with their primary care provider and interferes with their daily lives [6] . In our previous work, we found that it was feasible for people with COPD to use wearables for real-time data collection, but many people were not interested in participating or did not complete the study. We found that patients with COPD wanted more from a wearable device [7] .
In this study, we sought to engage patients in the development of a wearable and a self-management app by conducting in-depth, semi-structured interviews to explore the needs and preferences of COPD patients.
Methods

Study design
We conducted a qualitative study to determine what patients with COPD would like to have in a wearable device and mobile application to help manage their condition. This study is part of a larger ongoing project to develop wearables for patients with COPD to improve self-management and detect acute exacerbations early [7, 8] .
Participants
Between October 2017 and March 2018, we recruited patients with COPD by posting advertisements in respirology clinics, approaching patients admitted with COPD and by asking participants to suggest other people with COPD. Anyone who had been given a diagnosis of COPD by a healthcare professional, who spoke English and who did not have a cognitive barrier was eligible to participate. We conducted purposive sampling to select participants who did and did not use different technology such as computers, smartphones, smartphone apps and wearables.
Data collection
An interview guide was developed by the research team and contained questions that explored 1) the challenges that people with COPD face in their lives; 2) how an app and self-management tool would be able to help them; and 3) what they would find easy to use in a wearable and an app. Semi-structured interviews were conducted by a trained interviewer using an interview guide and were audio-recorded and transcribed verbatim. Interview duration was 45 min to 1 h. Interviews were conducted in person at Toronto General Hospital (n=3) and over the phone (n=11). Patients did not know the interviewer outside of the research study. Transcripts were read by members of the research team after every two to three interviews, and the interview guide was revised to explore fully both anticipated as well as unanticipated responses. Interviews continued until the team felt that saturation of themes was achieved.
Data analysis and reflexivity
We used an inductive thematic analysis to search for themes and concepts in relation to our research question across the interviews [9] . Our epistemological viewpoint was constructivist. We co-constructed meaning with our participants as we moved through the interviews. Interviews were transcribed verbatim and uploaded onto a qualitative data management system (NVivo 10; QSR International, Melbourne, Australia) which facilitated coding and analysis. Anonymised transcripts were coded independently by two researchers (TS and RW), who began by familiarising themselves with the transcripts and discussing general ideas and patterns apparent in the data. The next stage involved each coder individually going through the interviews and coding segments of the interviews that were relevant to our research questions. Throughout this stage, researchers met regularly to compare and discuss the codes and resolve any discrepancies. The codes were then grouped into larger themes which were related to the research question. The final step was a research team meeting to review the themes and subthemes and to discuss final interpretations and modifications.
We aimed to be reflective in our own backgrounds and experiences for the duration of the coding and analysis. RW, AG and SG are all scientists and physicians; AG's research and practice focuses on respiratory disease. TS recently completed her MA in disability policy.
Ethics
The study was conducted in accordance with the amended Declaration of Helsinki. The protocol was approved by the University Health Network research ethics board (17-5198) and informed consent was obtained from all patients.
Results
14 people were interviewed. Characteristics are summarised in table 1. Individuals' use of technology is shown in table 2. Results are presented as 1) current experiences and challenges with COPD care and how information technology could affect them and 2) barriers to using the technology (figure 1).
Experiences with current COPD care
Issue: disease knowledge Participants had varied perceptions about their knowledge of COPD. Some felt they had sufficient information about their condition, especially those who had attended pulmonary rehabilitation. However, others stated that they did not receive enough information about their condition, especially in the beginning, and they had to learn and acquire knowledge as their disease progressed. Some used the internet to gain information; however, there was concern about the accuracy of the information.
Interviewer: Was it easy to learn about COPD? P40: Yeah, it wasn't hard at all. I actually just punched COPD into Google and there you go.
Interviewer: How do you/did you obtain information about COPD? P11: I don't really use the internet for medical stuff, I usually ask a doctor, I don't rely on information on the internet for anything medical really Relevant, curated information Participants desired more information from their healthcare providers, including more detailed information on what exactly COPD is, how to manage symptoms, and what to do when symptoms worsen. Some commented that they would also want to see educational videos and have a source for looking up material about their condition or new medications. They desired general information on COPD as well very specific data such as the current air quality and weather.
P38: I think when you're meeting a physician or even in a hospital situation it would be nice, it would be nice to have some material there that the doctor would give you, that say here are some pros and cons, here are some things you need to look out for. If these things start to happen this is what you should do. …. As far as I can see there isn't really anything there.
Issue: living with COPD Most participants expressed difficulty with managing their condition on a day-to-day basis and completing activities of daily living. They highlighted examples of tasks that used to be second nature, such as showering, doing dishes or grocery shopping, which now took a lot of preparation and time to complete. These hardships were often linked to decreased quality of life. Many participants described a change that they had to make to their lifestyle or home after being diagnosed with COPD. Several participants expressed not being aware of how to engage in physical activities with COPD and not knowing what their safe zone is. They described times where their heart rate would go up and they did not know why, which induced panic and further escalated their heart rate. Participants listed many exacerbation triggers and described their many strategies they used to avoid an exacerbation of symptoms. Participants accepted that this was their new normal and that they would have to continue using coping mechanisms to maintain their health.
Receiving feedback on important parameters
Many of our participants felt that they could be doing a better job with self-management and paying attention to their symptoms. They expressed an interest in using a wearable device that monitored symptoms of COPD and help them to manage. Almost everyone said that real-time monitoring of oxygen saturation would give them peace of mind. In addition, participants wanted information on their heart rate, blood pressure, activity, sleep and coughing. They felt this information would prevent them from overdoing it, encourage them to take a break or take their medication if necessary, and would allow them understand why they may be feeling certain symptoms.
P88: Well, it would be useful to me to know when my oxygen level was dropping, ahead of me suddenly gasping for breath and thinking, "I need to go and sit down". That would be really helpful to me. I think if I had something like that, I might be more in my own head, more observant of not letting myself get to that point, for sure. Also, heart rate and blood pressure.
Making personalised connections to the data Participants described that the technology would be able to help them make connections between how they are feeling and what their body is doing. People struggled with understanding the relationship of their condition and different triggers to their heart rate and blood pressure. They would put off going to the doctor or starting a treatment plan because they were unable to recognise early symptoms. Real-time monitoring could confirm that there was a need to see a healthcare professional and would be encouragement to get early treatment. It could allow people to better understand their symptoms so they would feel safer engaging in activities.
P5: at one point I was enrolled into a program at [hospital X]…. As I was exercising, they became very startled because they were monitoring heart rate and because of my arrhythmia and COPD, my heart rate can go up beyond what it looks like it should be for that level of exercise…They suggested to look for something else and that's when I found out about the pulmonary rehab program, which taught me how to learn and feel comfortable with a heart rate that was elevated and understand what it was I needed to do to push myself… So if we could have my oxygen level and heart rate while I was exercising, it would help to alleviate their fears a little and my own as well. So I think that kind of device can be helpful even if, in my case, I don't have terrible COPD but I know that exercising is really important and I would like to be able to do it with some security.
Issue: managing exacerbations Action plans (a set of instructions to follow in the event of an exacerbation) are considered to be an important component to help patients manage exacerbations. Several participants said that they did not have an action plan. Some were unaware of the concept, while others knew that they should have one but had never had the conversation with their healthcare provider to create one. When asked to describe how they manage their symptoms once they worsen, some people mentioned having rescue medications described on their action plans. However, some had less developed plans on what to do when they had an exacerbation. Some participants' plans were to call an ambulance or go to the emergency department as they stated they were often already pretty far into the exacerbation by the time they recognised they are having one.
P2: One of the pieces of advice I've been given by medical people, because my level of lung function is so bad, if I feel anything is coming, like the flu, or anything else, do not wait to get an appointment with the GP, just head to the Emerg because it can overtake you so fast, in fact that's what happened.
P41: Again, I associate it with a cold, so if the cold isn't getting any better than I start taking extra vitamin C, taking extra Echinacea to try to ward that off. I do start to put together a little travelling bag in case I need to go to the hospital, I do that while I'm still functional and able to get around. If I know it's going to be an https://doi.org/10.1183/23120541.00036-2019exacerbation I basically call an ambulance and go to the hospital. But then again, if you know it's going to get to that point you're already pretty far into the process.
Detection and treatment of early acute exacerbation of COPD Participants agreed that early exacerbation detection could encourage them to start monitoring their condition immediately and begin early treatment. An area of concern was that sometimes symptom onset seemed very sudden and they did not know why. They indicated that they would want to be alerted first if the wearable device detected an exacerbation. It would then help them begin their action plan and move through the instructions agreed upon with their respirologist or healthcare provider. Primarily, participants wanted control over the information. One participant described the struggle to know how they are doing and wanted more objective data on whether they were doing better or worse. Or some kind of a healthcare provider. It would be nice. As I said, I'm not that stupid but I feel pretty stupid about this whole thing. I really don't have enough education as far as my health is concerned. I think it would be a reinforcement would be nice to know, "Yes, you do…" Mind you, when I was at the hospital Wednesday they said, "You're doing better." I think, "Did I?" I don't know. I think I should have a little more education somehow
Issue: access to healthcare provider Most of our participants expressed great satisfaction with their healthcare providers. Some also felt that they had good access to their respirologist and saw them frequently; however, others only saw their respirologist once or twice a year. Despite the relationship with their healthcare provider, very few patients thought that they could communicate in a timely manner with their healthcare provider in urgent situations.
Informing the healthcare provider When asked if it would be valuable for their healthcare provider see the data from the wearable, patients had differing views. Some participants thought that the information from the wearables would be valuable for their COPD physician to see. Some were concerned about their physician being annoyed or overloaded by all the data or unnecessary alerts. They did feel that the information provided to their physician should be a summary of their data and that they should receive an alert only in extreme situations.
P17: I don't know if my respirologist want to be bothered with tons and tons of patient data
Interviewer: Do you think it would be useful if all your information that this wearable collects, so your heart rate, oxygen saturation, if this information was sent to your healthcare provider?
P11: Oh yeah, for sure, you should see my file at Dr X's office, it's like a big encyclopedia thick, you know it's pretty thick, like file, so the more information they have the better. You'd have to ask the doctor, I think the more information the better P38: The other piece being cumulative, or a month, 2 months, 3 months, so you can send your cumulative results and they can take a look and say that the trend lines look ok and you can just file it, or the trend lines look problematic and we should look into it. I don't think on a day-to-day basis it should send it. They wouldn't want to see it, they're so busy. But if you did it once a month or once a quarter,
Issue: emotions of fear and sadness Strong emotions from participants were described both when they were diagnosed with COPD as well as during exacerbations. They described being upset with the diagnosis and feeling panic and fear during exacerbations. The panic and fear would increase anxiety and result in even more shortness of breath. Patients described that the whole process of going to a hospital was difficult and draining for them, both physically and emotionally. Those who had been to the emergency department for an exacerbation were in constant fear of having to go through it again.
P41: It's a horrible feeling because you don't know what to do to help yourself and anything that you do doesn't work. It's a great deal of panic. It feels like you're breathing through a wet wash cloth. Every time you take a breath in you're gasping because you feel like you haven't gotten enough air in and once you breathe out you're not letting out enough either, so it escalates very quickly from being just an ordinary cold to less than in a day it will turn into an exacerbation because it hadn't gotten caught soon enough. It's terrifying, when you get to the hospital it's even more terrifying because I know that it's COPD and I know that it's an exacerbation but all of the people in the ER treating me have to do their own series of tests before they'll agree that yes, it's COPD. So for the initial period that you're in the hospital they're not treating you, they're just trying to manage you and make you more comfortable, so that is also very frightening. The whole process is exhausting because you're constantly fighting that air starvation, you're just constantly fighting to be able to breathe. It's exhausting.
Feeling reassured and connected
Participants felt that having a system to monitor their condition would ease their mind and provide a feeling of security. They described times where they would ignore their symptoms, or overwork themselves without realising it. Participants stated that being constantly monitored was similar to having a security blanket.
P38: I think psychologically it should give you a bit of a boost knowing that you had an electronic monitor of your health on a regular basis instead of leaving things up to chance.
P88: I do, because one of the problems is I've spent so many years denying the fact that there's anything wrong with my lungs that I still don't feel that I react soon enough, and I could really get myself in trouble because I could, "Well, I just have one more thing I have to do, and when I get this done, or this done, or…" because I do a lot of volunteering…and ignore it, because…Well, this has nothing to do with COPD, but I finally ate my dinner at 10:00 last night. So if I had something like that, it might sort of boink up and say, "You're having a problem!" Or whatever. It's somebody sort of watching me.
Barriers to adoption
Factors that may influence the use and uptake of wearables and self-management apps included variable mastery of technology by COPD patients, the design of the wearables, accuracy of the technology, concerns about being a "prisoner of the numbers" and financial concerns (table 3) .
Discussion
In this qualitative study of 14 people with COPD, we found that technology such as wearables and self-management apps were viewed favourably. Our participants felt that such devices may help COPD patients to manage the significant challenges associated with their condition. Specifically, participants perceived that the technology could improve their ability to manage their condition both in daily life and during exacerbations. This would occur by connecting their how they feel to physiological parameters such as oxygen saturation, heart rate and activity. It would also occur through early detection of exacerbations. Technology may address feelings of fear and panic associated with exacerbations and provide reassurance and connectedness. Barriers to technology use include the varied nature of technology use among people with COPD, wearable design, the cost, accuracy issues and whether the technology may make people with COPD feel less well.
Qualitative studies have examined different components of wearable use, monitoring values and self-management apps in COPD, including the investigation of a wearable vest [10] , a multicomponent mobile health application [11] and the effect of self-monitoring oxygen saturation [12] . They found that patients use information about their oxygen values to track their health, make connections with their symptoms and judge when to contact healthcare providers [12] . They described a sense of security patients have with self-monitoring [11, 12] .
This study adds further information on how technology may improve the care of people with COPD by helping them overcome issues that they face. People with COPD saw great potential for a wearable and an app to improve care through facilitating their self-management. It could help people understand their condition better, understand what to do when things got worse and notify them first when things were deteriorating. Importantly, patients did not see it as a method for others to manage their condition. In fact, they were concerned about the negative impact too much information would have on their healthcare providers. Different patients' perceptions of sharing data with healthcare providers highlight this tension. Patients may not want to overload their clinician with a lot of data or may be displaying the stoicism of patients with COPD that has been described previously [13] . But providing this data may be useful to clinicians in optimising their care. Further work is necessary to determine what, and how much, information is helpful to share with the healthcare team. Our study also raises the concern that this technology may increase the "sick" role, as patients will have heightened illness anxiety. While this hypervigilance has been described previously in patients with COPD, providing them with a wearable with near-continuous recordings may make it worse [14] .
A limitation to our study was that the majority of the research team is interested in developing a wearable device for COPD patients. Preconceptions may have influenced data collection and analysis. We did use well-established methodological approaches (reflexivity, double-coding, discussions with a qualitative research expert) to minimise this potential for bias. In addition, our participants were drawn from an academic health science centre in a large urban setting, and their opinions may not reflect other demographic or socioeconomic groups or people who were not interested in participating in the study.
Thus, it may not be generalisable to all patients with COPD. A larger prospective study would better determine who would benefit from this technology. However, we do think that the barriers to use (table 2) should be addressed, to make the technology appealing to the majority of patients with COPD.
Future research should incorporate these findings in the co-design of wearable technology with people with COPD. Involving people with COPD in the design will be crucial to ensure key components to aid Participants had specific desires for the design of the wearable device. They wanted it to be stylish and would prefer options of styles and sizes. They did not want to stick out while wearing it as they did not want to be identified as having a medical condition requiring a monitoring device P17 Well, I guess the watch part of it would be okay. Everybody wears them, so it's not like it would be too distinguished or to stick out too much… as long as, yeah, as everybody would just look at it as being normal so you wouldn't stick out in a crowd or nothing. That's another thing. You don't want to stick out in a crowd Accuracy and technical issues of wearable
Participants were concerned about how accurate the device would be and did not want to use something that was inaccurate or had technical problems. Error messages and meaningless flashing or beeping was an area of concern. Some mentioned that they had given up their Fitbits or smartwatches due to technical issues and inaccurate data P2: But, I have the latest Fitbit and it really is quite inaccurate. If you are aware, I drive a motorcycle, if I go on the bike for half an hour it says I've climbed like 50 flights of stairs. It misses things like, stairs, my office, where I am sitting right now I am up and down the stairs all day. I would estimate I am up and down the stairs 8-10 times and it typically shows 4-5. And sleep, they try their best to give you your sleep, and that is something I'm really interested in, I'll give you an example, they disregard periods that could be sleep. If you sit still for 2 h enough it might say you were napping. If I wake up from sleep after 45 min after a disturbance, the next day when I look at my sleep, it threw away that 45 min "Prisoner of the numbers" Participants also were concerned about being a "prisoner of the numbers", where they would feel they would need to keep checking the device to know how they were doing, and the device would dominate their lives. Small changes in oxygen saturation are common, and they did not want to be constantly checking their watch and worrying if their oxygen saturation dropped a little more than average P41: I've asked here and my doctor about getting one of the little oximeters and they all advise against it because then you become a prisoner of the numbers. I see people here who have an oximeter and they are a prisoner of the numbers. "Oh it shouldn't have gone down 2 it should only have gone down 1, maybe it will go back up by 3 tomorrow" Cost Participants were concerned about the cost of the device as many were on a fixed income. Specifically, they acknowledged concerns about costs of medications or inability to afford a device like a Fitbit P38: Maybe also some of the LG watches can be offered on a prescription basis. I notice that they're 3-4-5 hundred dollars and that's very expensive. For someone with a COPD condition to say that they want to buy one to monitor themselves, if a doctor was to say that this is something that is necessary and provide a subsidy that would be a lot easier https://doi.org/10.1183/23120541.00036-2019
self-management are effective and to ensure barriers are addressed as well. Further research is also necessary to understand how COPD healthcare providers would want to use wearable data and how they perceive it could improve the care of their patients with COPD.
In summary, patients perceive significant potential for wearables to help manage their condition. Of note, patients want to maintain control of the information, to make connections with the data, but also to be alerted when a possible exacerbation occurs. Some people with COPD were concerned about overloading their healthcare providers with the data while others wanted them to have their physiological data.
